Changes in fetal movement are associated with increased risk of stillbirth after 28 weeks of pregnancy. The majority of studies have focussed on maternal perception of reduced fetal movements, which is associated with stillbirth via placental dysfunction. Recent studies have also described an association between a single episode of excessive fetal movements and late stillbirth. We present a hypothesis that a sudden episode of excessive fetal activity indicates fetal compromise relating to underlying disturbance of the in utero environment, which if it persists can lead to fetal death. The origin of the excessive fetal movements is unknown; they may represent fetal seizures induced by asphyxia or infection, an attempt to release cord entanglement or a change in fetal behaviour (inducing signs of distress) in response to a noxious stimulus. It is also possible that an increase in maternal anxiety may lead to increased perception of fetal activity. Current evidence regarding excessive fetal movements is sparse; there is no clinical guidance regarding how reporting of this symptom might relate to a fetus at risk and which management might reduce the risk of subsequent stillbirth. This could be addressed by prospective observational studies of mothers presenting with excessive fetal movements which could both explore the underlying pathophysiology and determine which investigations could identify fetal compromise in this population. The presence of fetal seizures or umbilical cord entanglement could be evaluated at the time of presentation by cardiotocography and ultrasonography of the fetus and cord. Exposure to infection or noxious stimuli could be evaluated by maternal history and measurement of maternal blood for inflammatory markers or toxins. Maternal anxiety could be assessed by validated anxiety scores. Fetal outcome following excessive fetal movements can be recorded after birth. In addition, the presence of perinatal asphyxia can be assessed using Apgar scores, assessment of fetal acidaemia or measurement of stress-related factors in umbilical cord blood. The placenta and cord can be systematically examined for signs of hypoxia, infection or umbilical cord compression. Such studies would provide evidence regarding the underlying cause of excessive fetal movement and how this symptom might relate to in utero compromise and stillbirth. Ultimately, this approach will determine whether excessive fetal movements can be used alongside reduced fetal movements as a tool to reduce the perinatal mortality rate.
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Abstract
Changes in fetal movement are associated with increased risk of stillbirth after 28 weeks of pregnancy. The majority of studies have focussed on maternal perception of reduced fetal movements, which is associated with stillbirth via placental dysfunction. Recent studies have also described an association between a single episode of excessive fetal movements and late stillbirth.
We present a hypothesis that a sudden episode of excessive fetal activity indicates fetal compromise relating to underlying disturbance of the in utero environment, which if it persists can lead to fetal death. The origin of the excessive fetal movements is unknown; they may represent fetal seizures induced by asphyxia or infection, an attempt to release cord entanglement or a change in fetal behaviour (inducing signs of distress) in response to a noxious stimulus. It is also possible that an increase in maternal anxiety may lead to increased perception of fetal activity.
Current evidence regarding excessive fetal movements is sparse; there is no clinical guidance regarding how reporting of this symptom might relate to a fetus at risk and which management might reduce the risk of subsequent stillbirth. This could be addressed by prospective observational studies of mothers presenting with excessive fetal movements which could both explore the underlying pathophysiology and determine which investigations could identify fetal compromise in this population. The presence of fetal seizures or umbilical cord entanglement could be evaluated at the time of presentation by cardiotocography and ultrasonography of the fetus and cord. Exposure to infection or noxious stimuli could be evaluated by maternal history and measurement of maternal blood for inflammatory markers or toxins. Maternal anxiety could be assessed by validated anxiety scores. Fetal outcome following excessive fetal movements can be recorded after birth. In addition, the presence of perinatal asphyxia can be assessed using Apgar scores, assessment of fetal acidaemia or measurement of stress-related factors in umbilical cord blood. The placenta and cord can be systematically examined for signs of hypoxia, infection or umbilical cord compression. Such studies would provide evidence regarding the underlying cause of excessive fetal movement and how this symptom might relate to in utero compromise and stillbirth. Ultimately, this approach will determine whether excessive fetal movements can be used alongside reduced fetal movements as a tool to reduce the perinatal mortality rate.
Introduction
Worldwide there are 2.6 million stillbirths each year [1] . The majority of stillbirths occur largely in low and middle-income countries (LMICs); in these settings stillbirths are frequently related to access to adequate care in pregnancy and labour [1] . In high-income countries (HICs) and settings where these issues have been addressed, other risk factors for stillbirth are being investigated to identify women at increased risk of stillbirth. Established risk factors include nulliparity, advanced maternal age, women from minority ethnic groups, hypertension, maternal obesity, and cigarette smoking [2] . Unfortunately, few of these risk factors are amenable to modification in pregnancy. This has led to exploration of modifiable risk factors that include maternal signs and symptoms. The mostly commonly studied maternal symptom to date is maternal perception of reduced fetal movements (RFM) [3] . RFM is hypothesised to be associated with adverse pregnancy outcome through placental dysfunction [4] . In combination with findings from confidential enquiries into antepartum stillbirths [5, 6] , this observed association has led to the development of guidelines to improve information for women and standardise care following maternal perception of RFM [7] .
In recent years a series of studies have been conducted to identify additional modifiable factors associated with stillbirth that can subsequently be used to direct intervention to reduce the incidence of stillbirth. These studies have largely been retrospective case-control studies exploring factors including: maternal sleep position, mother's experience of fetal movements, diet, exercise, and maternal intuition [8] [9] [10] . Other approaches have included cohort studies exploring the experience of mothers whose pregnancies have ended in stillbirth [11] . With regard to maternal perception of fetal movements these studies have confirmed the association between stillbirth and RFM (findings are summarised in Table 1 ). However, in addition to RFM, emerging data now suggest that excessive fetal movements are a risk factor for stillbirth.
The STARS cohort study of 1,714 women from more than 7 countries described excessive movement in 8.5% of respondents [11] . This increase was described as much more active or aggressive e.g. "the day before he died he was especially busy and moving like crazy." The frequency of symptoms was consistent amongst respondents from the four main countries participating in the survey. The frequency of perception of excessive fetal movements was also similar to the 10% of respondents analysed in a questionnaire study of women who experienced a stillbirth in Sweden [12] . These movements were described as "very lively", "death-jerk", "intense" and "cramped". This period of excessive fetal movement was then followed by no movement or only limited movement.
Interestingly, this symptom was more frequently reported after 37 weeks gestation (12% of respondents) compared to 28-36 weeks gestation (7%), suggesting that the excessive fetal movement is associated more frequently with late stillbirth [12] .
Case-control studies have been employed to determine whether the frequency of such symptoms differs between pregnancies ending in stillbirth and those resulting in live births. The Auckland
Stillbirth Study found that a single episode of 'more vigorous movement than normal' was 6-fold more common in women who had a stillbirth (being reported by 20.8% of mothers who had a stillbirth, Odds Ratio (OR) 6.81, 95% Confidence Interval (95% CI) 3.01-15.41) [13] . In contrast, women who had a stillbirth were less likely to perceive more than one episode of vigorous fetal activity (OR 0.58, 95% CI 0.33-1.03). Furthermore, a general perception of increased fetal movements was less frequently reported by women who had a stillbirth compared to controls (OR 0.24, 95% CI 0.12-0.50) [13] . In the STARS case-control study women who experienced a stillbirth were more likely to perceive one episode of vigorous activity described using words such as "crazy or frantic" (OR 4.59, 95% CI 2.38-8.89) and the controls more likely to report gradual increase or multiple episodes of increased activity described as "strong or powerful" [14] .
These more recent observations reflect those in older studies between 1977-1983 when women were asked to keep a daily record of any perceived strong fetal movements [15] . Signs of fetal hyperactivity were diagnosed in 5% of women. Nine cases (19%) involved umbilical cord complications, but none of the infants were growth restricted or had evidence of compromise at delivery (e.g. need for neonatal resuscitation), or had any signs of seizure disorders in the neonatal period. Consequently these authors concluded that excessive fetal movements was not a worrying sign [15] . Conversely, a study by Sadovsky et al. described that any "sudden, strong, vigorous movements with increased rate followed by cessation was almost invariably a sign of acute fetal distress and fetal death", the authors speculate that this may be the attempt of the fetus to release a complication if, for example, a cord entanglement was released then normal fetal movements would resume and if not, the episode ended in fetal death [16] . The discrepancy between these two authors' views demonstrates that further work is needed to determine the origins and implications of a sudden episode of excessive fetal movements.
The Hypothesis
A sudden episode of excessive fetal activity indicates fetal compromise relating to underlying disturbance of the environment in utero, which if it persists can lead to fetal death.
Evaluation of the hypothesis
One possible explanation for excessive fetal activity is that it represents fetal seizures. Evidence of intrauterine seizures is limited to case reports describing fetal seizures visualised by real-time ultrasound and cardiotocography in labour [17, 18] . In one case, there was evidence of intrauterine and neonatal seizures but no evidence of perinatal asphyxia (the most frequency cause of neonatal seizures) [19] . A more recent case report describes an otherwise uncomplicated pregnancy until the night before birth when the mother described unusual fetal movements which she interpreted as seizures. The following morning an ultrasound scan showed jerky, dysrhythmic fetal movements with no evidence of spontaneous activity. Consequently, an emergency Caesarean section was performed and the cord was found to be tightly around the infants' neck. Although there was no evidence of perinatal asphyxia (umbilical arterial pH = 7.30 (normal ≥7.20) or low birth weight the infant continued to have seizures and died on the fourth day of life [20] . The authors were unable to determine the cause of seizures in this case, but hypothesised that these were due to cerebral hypoxia. This was explored using an animal model in which seizures were hypothesised to occur 7-13 hours after a hypoxic insult [21] . The authors then reviewed nine infants who had seizures in the neonatal period and estimated the timing of the cerebral insult. Infants who had an insult before labour had seizures before 12 hours of life, in contrast to those who had a hypoxic event in labour or at the time of delivery. This suggests that if excessive activity represents seizures in utero then the insult may have occurred prior to the onset of seizure activity.
If excessive fetal activity represents seizures then this may reflect the aetiology of the underlying insult. Linde described that symptoms of excessive fetal movements were more common in cases of stillbirth occurring after 37 weeks [12] . Stillbirths after 37 weeks are more likely to be due to an infection (39.5% vs. 29.2%, p <0.001), umbilical cord complication (18.8% vs. 13.1%, p <0.05), or unexplained cases (14.5% vs. 10.7%, p=0.06) [22] . These findings are similar to the Stillbirth Collaborative Research Network study of 500 stillbirths, which found stillbirths at or after 37 weeks were more likely to result from infection (11.9% vs. 5.6% at 28-31 weeks), umbilical cord complications (14.3% vs. 5.6% at 28-31 weeks), and less likely to be associated with maternal hypertensive disorders (2.8% vs. 16 .7% at 28-31 weeks) [23] . Thus, if an episode of excessive fetal movements is more frequent in women who have a stillbirth in late pregnancy then it may be more likely to reflect complications secondary to infection or umbilical cord complications, in contrast to the pattern of RFM, which is associated with placental dysfunction, fetal growth restriction, and stillbirth.
An alternative explanation is that excessive fetal movement represents fetal behaviour in response to a stressful stimulus. One case series describes a fetal homologue of crying in 10 out of 124 pregnancies exposed to vibroacoustic stimulation [24, 25] . Some of the mothers whose fetuses exhibited this behaviour were exposed to tobacco smoke or cocaine. However, the study was not adequately powered to determine an association between fetal crying and exposure to noxious environments. Other stressors may also alter fetal behaviour, for example one study of 29 women with uncomplicated normal pregnancies recorded fetal behaviour in different maternal positions [26] , finding that fetuses are more likely to be in a state of 'fetal quiescence' when the mother is supine compared to lateral positions. Therefore, it is hypothesised that fetuses adapt their behaviour in response to mild stressors (such as maternal supine position) but a prolonged or profound unpleasant or noxious stimulus could result in a change in fetal behaviour, which is perceived as excessive fetal movements.
It is also possible that perception of excessive fetal movements results from heightened maternal anxiety. The large international cohort study reported some of the cohort perceived that all was not well with the pregnancy [11] . In some cases this feeling arose early in the pregnancy and well before any other maternal or pregnancy complications. If this feeling were present, women may pay increased attention to their baby's movements. This idea is supported by observations in a group of 30 women; those with higher anxiety scores, as measured by the Beck Anxiety Inventory, took significantly less time to perceive 10 fetal movements The authors suggested that either maternal behaviour or mood affects fetal movements or that baby's behaviour alters maternal anxiety state [27] . Importantly, a difference in maternal anxiety would not explain the difference in stillbirth seen between a single episode of excessive movement and more frequent episodes of heightened activity, which is less common in mothers who experienced a stillbirth.
How could the hypothesis be investigated?
The utility of excessive fetal movements as a warning sign for stillbirth will depend upon what this symptom relates to and whether this leaves any time to intervene to prevent fetal death. These questions can be addressed by using a methodological approach employed to the study of women with RFM [28, 29] . The associations and underpinning aetiology of exaggerated fetal movements could be explored by conducting a cohort study of women with this symptom. Given the reported association with abnormalities seen on cardiotocography and ultrasonography [17] [18] [19] [20] , fetal compromise associated with infection or placental dysfunction would need to be excluded using these methods. An observational study could then record any additional alterations in fetal activity occurring prior to delivery as well as the neonatal outcome. However, special attention should be paid to the identification of noxious stimuli, infection or umbilical cord complications or seizure disorders (see Figure 1 ). Information could be collected regarding potential noxious exposures such as tobacco smoke, prescribed and non-prescribed drugs and maternal sleep position.
After delivery, the placenta and umbilical cord could be collected and examined to look for evidence of umbilical cord compression, infection, or placental insufficiency (Figure 1 proliferation and increased numbers of avascular villi, but no changes in the number of blood vessels, leukocytes or trophoblast area [31] . Thus, detailed examination of the placenta and cord may give information about the underlying aetiology. As abnormal placental phenotypes can be seen in pregnancies with an apparently healthy infant [32] it is important to compare the histopathological and morphological assessment of placentas from women with excessive fetal movements to those from women who have normal fetal movements.
Evidence for fetal compromise could also be inferred from measurements of biomarkers in umbilical cord blood. Various biomarkers of fetal compromise have been proposed including: umbilical cord pH, erythropoietin, S100B, endothelin-1 and nucleated red blood cells [33] [34] [35] [36] . Umbilical artery pH relates to the risk of perinatal asphyxia, the most common cause of neonatal seizures [37] .
Exploration of these biomarkers in women with excessive fetal movements could provide further data to determine underlying pathological processes associated with such movements. It would also give an insight into whether a single period of excessive fetal movements represents an inevitable pathway to perinatal asphyxia, neurological damage and death, or whether there is a period during which intervention may prevent an adverse outcome. Understanding the underlying associations and mechanisms of this symptom is essential to developing tests to identify fetal compromise in this population. As studies describing increased fetal activity have noted that infants are usually an appropriate size for gestational age [15] , ultrasonography to identify a small or large for gestational age baby are unlikely to give useful information about prognosis.
Presently, there is little clinical data regarding excessive fetal movements. A questionnaire study of 225 women in two tertiary centres in Nigeria found that 47% of women had knowledge about excessive fetal activity compared to 31.1% for reduced fetal movements; this increased knowledge may be the reason that a higher proportion of women expressed concern about excessive movement compared to significantly reduced movements (31.1% vs. 21.8%). Further clinical studies are required to more accurately describe incidence of excessive fetal movements, the features of excessive fetal movements that should alert care professionals and differentiate between a healthy, active baby and a period of exaggerated or excessive fetal movement [38] . This information would allow more specific information to be given to women to avoid additional maternal anxiety.
Conclusion
Currently, there have been no prospective studies to determine the incidence of excessive fetal movements in the general obstetric population. The literature describes the application of standard investigations such as cardiotocography (non-stress test) and ultrasound assessment of fetal biometry, liquor volume and umbilical artery Doppler. However, these investigations have limited evidence for the reduction of perinatal mortality [39] [40] [41] [42] . The uncertainty regarding excessive fetal movements is emphasised by the exclusion of this symptom from guidelines focussed on RFM to reduce perinatal mortality and morbidity [7] and the need to differentiate a single episode of excessive fetal activity from a gradual increase in fetal movements. A better appreciation regarding the origins of and outcomes following a single sudden episode of excessive fetal movements would enable studies to determine whether encouraging women to present with this symptom and instituting appropriate investigations and intervention could reduce perinatal mortality and morbidity. This would also provide a template to translate findings from case-control studies to identify modifiable risk factors for stillbirth into improved perinatal outcome.
Conflicts of Interest Statement
The authors have no conflicts of interest to declare. 
Figure Legend

Umbilical Cord Problems
In pregnancy
After birth 
Increased Fetal Movements
Re -Submission to Medical Hypotheses -Excessive Fetal Movements are a Sign of Fetal
Compromise Which Merits Further Examination
Conflicts of Interest Statement
The authors have no conflicts of interest to declare.
